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In conducting the resesrch veprried héry, the investigators
adhored to "Principles of Labeoratory Apimsl Care” as estab~
iizhed by ths Wationsl Socisty for Medieal Research.

FORFWORD

The saterial in this manuecript was submitted by John E.
Rutter in partisl fulfillment of the requivements for the Th, D,
degree to the Departuent of Micrchiology, University of Virginis,
Charlottesville, This work wss ra:iially supscrted by Research
Grant, AT~05667 from the National Institutes of Pealih, and a
yesesrch graut from the North Carclina Tuberculcsis Association,
Quentin ¥, Myrvik is chairzan of the Departxent of Microbiology,
The Bowman Gray School 6f Mzdigcines, Winstcn-S8slom, North
Carolina,

ARSTRACT

Rabbit alveolar macrophages were successfully employea
ir & study ¢f host cell - Pasteurells tulerensis iateractions
ia vitro. Under cell culture conditione in which inhibitory
antibiotice were not employed and small infection ratios
were used, the relative in vivo virulence of two strains
of P. tularengis was duplicated. As 2 consejuence of intra-
celiular multiplication, normal macrophages wcre kiiled in
relatien to the virulence of the strain employed. Alveolar
macrophages were also collected from immune rabbits aad
macrophage mortality and becteriual growth were significantly
suppressed telow levels observed with normal macrophage
preparations. ©The effect ¢ imaen2 serum could only be
ascribed a mincr role in the cbserved reactions. A marked
intravenous toxicity of P. tularsnsis for the rabbit was
observed with both virulent and sttenuated strains. The
toxicity was possessed only by viable prepsrations and
could be elicited in animals {mmune to virulent challenge.
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Y. IWTRODULTION

Tks ~asults of several investigutions demonstrated that clazsical cire
culating antibedy plays at bést only a minor toie in the machauiame of
azquived resistence to Pastiurella tularensis.}”® It ie necessary, vhere~
f*«e to sscribe major L..,orcme to cell~associated factors whan cmeiﬁexv
ing r.he wmechanism of izrmnity to tularemia.

it wrs reported thet peritoneal macrophages obtzined from fmwune white
rats had sn ephanced ability to ingeet P. tularensis in comparison with
phagocyten obtained from normal snimals. Im addifi ion, tne immune macro-
phage system exerted a bacteriostatic effect on the intracelluler organisms.®
Similer findinge were reported with rabblt and guines pig macrophages AoB

Additional evidence for the active participstion of macrophages in the
fawune response was obtained in passive transfer studies.’~® These studies
demonstrated thne c&pecity of macrophages sbtained from ismune animals to
confer on normal recipiepts iu-reased resistance £o challienge. The
{mmurity pessessed by recipients was prouportional to the number of imaune
cells they received but was not correlatad with the adwiniscration of
immune serum. In addition, transfers between inbred animals resulted
in & longer lasting 1mni.:y than those made betwcen genstically dis~
similsr individuals.”

The potential problems ssscciated with {rritant~induced cells ace
exemplified by the work of investigsators who demonstrated that vwhen
irritants woro empisyed to stimulate rat peritomesl exudates, the
results obtaiued following infection of thesz cells varied with the
different eliciting a ents. Similar resuitz were cbtalned with other
experimental ~dels.?

Pulmonary alveolar macrophsges can Do procursd without an elieitiog
subatence and thereby represent 2 populst{en of phagoeytice s:ella that
closely approximate the nmormal 4n vivo physiclogicel state ™ The
regpligiory route had been utilized estenstivaly for tulsresic chalisage
and, in addition, ttis routs hss been smpleyed suceessfully a8 & mesns of
uccmnti.ng msnkeys and man.257%  The reapiratory Lrimchioles were the
primary sites »f lodgement in the lungs of mon’seye where the bacteris
were shown to be within microphages. Therafore, 8n opportunity existed
for the study of the esrly stagzs of puimonary tularemic imfection.

The objectives of this stud, were to develop an ip vitre model for
srudying intracelluler infections and to determime by thie mesns sny
differences in the rasponse of macrophegoe from pusceptible and dmmune
hosts to P. tularensis,
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A. EXPHRIMENTAL ARIMALS

New Zeeland white rabbits weighing between 1.8 and 2.5 Jy were used
througheut the inveatigstisn.

B. TEUENTOUE TUG PROCURING ALVECLAR MACROPHAGES

Rabbits were sacrificsd by tn 8ir smbolus oy with an mrdose of
Pentothal sodium, The thorecie cavity was opened, the uppsy part of the
trachea clemped shut with & hemostet, and the lungs insufflated with four
25-m1 siiquotc of Hauks balanced salt solution {858). 358 was introduced
and withdrawn with & syringe and needle follwing punctura of the trachezl
wall. The procedurs descrided by Myrvik® was slso smpleysd with one modi~
fication, ramely, the addition of 10G units of penicillin ser ml of BSS.

¢. V¥TAL STAINIEG

The visbility of macwrophages was detersinéd by empioying a trypen blue
exclusion techuigus. For the test 0.2 61l of & macrophsge suspexsion in
the culture medium waz mized with 0.1 ml of 0.3% trypzs blse. Macroghage
suspensions ware examinui within 15 minutes a8 "wet wmounts™ in a standard
hevacyrometar and cells that excluded the dye were considered viable.

D. TISSUE CULTURE

Kedium 196, 93 7.2 te 7.4, with 100 units of penicillin per ml and 20%
naoied rabbit serum wes employed for maintensnce of macrophages. Two~ml
aligquote of suspensions conteining 2 x 1P macrophages per miwerc dimtri-
buted into zS-mm~dicmoter screw-osp tesi: ts.i&,es and incubated at 26 € in
an atmosphers of 5% €Oy v &ir. -~ - - -

E. BACTERIAL SIRAINS EMPLOYE®R

ntraiﬁ BORY 8% of ¥. tularensic is & fnlly vivulent Nortk Amerizen
stzain with a devmal 13},9 for mice, guinea pigz, and gabbitr of fewsr than
10 mgﬁaim The live vaceire straim (IVE} %2 & atzlle colonial variamt
derived from » beterogenesus Soviet waccine strain and ,r.ezial.i.y paegen ia
white mice to increase its virulemee snd imeuncgenicirzy®® scyU si-il £
Ay artenuated strifn simllar i{n many characteriscics to IVS %n £ more eirv-
ienﬁ “ﬁor {:’“@ ﬁﬁiﬂé@ pig.
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F. DACTRRIAL CULTIVATION

Liquid cultures wore pyrepared in peptone cysteine broth (PCB) as

- described by Suyder et al.~” Inocula for the PCB cultures consistad of
57 by volume of 3 culture groun in g mol'fied casein hydrolyzate medium
similar to that deacribed by Mills et al.*® PCB cultures were incubared
at 37 ¢ for 12 to 1& hr with agitetieon. Cultures were also prepared on
glucose cysteine blood agar (GCRBA) with incubation for 12 to 16 hr at 37 ©
in scraw-cep tubes. CGCRY was preparzd from a dehydrated madium obtained
from the Baltimore Biologicel Laboratories. Organisms were suspended in
gel~salive dijuent {0.85% scdium chloride and 0.1% gelatin) and adjusted
to the degired concentration turbidimetrically., Stock cultures maintained
on GCBA were stored at 5 C and transferred every 4 weeks.

G. BACTERIAL ENUMERATION

R RS

Visble numbers of 2. tularensis were estimuted by cultivation of
gppropriate dilucions on GCBA medium. Dilutions were prepared in gel-saline
diluent and 0.1~ to 0.2-ml portions were spread over the surface of the
medium with a separztz sterile plass rod for esch plate. Repiicete plates
were prepared for each dilution and vigble counts were estimated from the
average number of colomies after 72 to 96 hours' incubation at 37 C.

¥

H. MACROPHAGE INFECTION

Bacterial suspensions were diluted with medium 199 to contain the
desired number of bacteria in the 0.l~ml inoculum rovtinely emploved
for each tube,

. & 9 A\ A P R R T i i et s Fakis i) . 0 oy D s
AR (ORI AN S it Loy ' N T Y , '
N 4 \‘ : [ W " i 4 i v » !
‘o | "
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1. VACCINATION WITH LIVE TULAREMIA VACCINE (LVS)

Rabbits were vaccinated with 1.0 x 10° or 1.0 x 10° viable cells of
1VS, employimg @ #ingle subcutaneous injectivy in the flank of the animal
with the oxgenisnma contained in 0.2 ml of gel-saliue diluent. Animals
‘ware alsc vaccinated by placing a drop of a suspension conteining 1.0 x 10°
viable IV cel’s per ml on the flank and utilizing the acupuncture tech~
nigue for inoculation.

IS (v

J. IMMUNIZATION TECENIQUE EMPLOYING STRAIN SCHU </

fabbits were infected by the subcutanecus route with 1.0 x 10° cells of
strain SCBY 84, The infection was allowed to proceed until the rubbits
‘had been febrile (G105 F) for 26 hr, At thst time, usually & daye after
infection, the animals each received 200 mv; of streptomycin sulfate intra-
museularly o 5 succeselce days, followed by 100 mg drily for 5 additional

days.
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X. SEROLOGY

TNabbits were bl from the nginal ear vein or by cardiac upcture at
the time of sacxifice &and eggivtinin tasts ware performed with tue sera
acgording to the itechaigue of Brigham’?

L. CHATLENCE
Anigals were chullengeid with 1.0 x 107 cells of BCHU S6 bv the subcu~

taneous route, sbaarved daﬂy for 30 .days, and the survival i, wvals
recorded.

.A. QUALITY -OF ‘MACROPHAGES

“The sources -of rabbite ware cepsfulliy screened to avoid colonies with
2 ‘high dncidence rof chronic pulmonary infections due to nembers of tie
genus Bordetelin3® More than 95% of macrophages collected from acceptable
raktbits were widole, and uninfected contrdl .culturss suxvived in o211 cul~
ture -Toxr wp o 7 days.

B, EFFECT OF STREPTOMYCIN

Puring -early stulies o determine the feasibility of emploving : veolar
macrophagez to inveatigats 7. tulerensis infections in vitxs, both pralcillin
and streptouvelin were dncl 1uded in the tissue cultsre mef_um. At s rasio of
10 hacteria per macrushiige, the findings were the same as those with v -
infected .control culturas, indjcating an ivhibitory activn of the .aati. lotics.
The xeaults uf further experiments are vresented in Figure 1. ‘Normal iacro-
phages ware infectad 2t & ratdo of 1:1with strain SCHU S&; 2 hours later
i ﬂ_;sbv«eﬂtamyeia was 2dded so that the concemtrations dndizated were achiesd.
-Concentrations of 16J,. 50, angd "0 m‘crogram -per :ml of streptomycin -wer:.
detkal &t both 24 and 48 hr, but oni xicrogren per-ml gave gquivocal results..— -
In zd&i'tien, comparable results were cbtained when experiments ware por-
formed With IV8. ‘The inhlbitory sffect of streptomyein on intracellular
P tuladeniis sas Further evidencHd : by & decreased percentage of .dead macre-
aphagas 41:=“§Exefmmg drtervals, raflecting the zedustion in bacterial
; ages.. .

¢ ‘were performed with »nly penicillin added to the
¥y ;ﬂuti&at'@ﬁtad, panicillin did mof; affect the intracellu-
25 ] 4n &lveolar macrophages.
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Figure 1, Effect of Various Concenrations of Streptcmycin
on the Intracellular Viability of Streptomycin-
Sensitive Pasteurella tularensis. Streptomycin
was added to the culture _.ium 2 hours after
alveolar macrophages were infected at a ratio of
one bacterium per macrophage. Numbers at right
indicate the micrograms of streptomycin per
nilliliter of culture medium,

C. RESPONSE OF NORMAL ALVEOLAR MACROPHAGES TO INFECTION

g The mortality response of alveolar macrophages following infection with
8 to 14 organisws per alveolar macrophage is shown in Figure 2. Each point
§ indicates the mean value of replicate experiments and, at the 36- and 48-hr
B sampling times, the range of one standard deviation is presented. At 36 hr,
- 77% of the macrophages infected with fully virulent viganisms were nonviable.
Those cells infected with IVS exhibited a 25% mortality, but uninfected con-
trol cultures exhibited only a 37, mortality. Similar ratios were observed
at 48 hours; however, che percentage of nonviable macrophages had increased.
The pre.sence of viable bacteria was required for the induction of the macro-
phage mortality responsc. Preparacions containing heat-killed SCHU S4 pro-
duced no increase ip mortaiity over that prasent in uninfected control
cultures. The mortality response of normal alveolar macrophages, infected
in vitro, reflected the response generally observed ian the intact animal.
Fully virulent strains of P. tularensis repeatedly caused the death of a
: greater percentage of alveolar macrophages than that caused by the attenu-
ated live vaccine strain at comparable intervals,
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Figure 2. The {n vitro Mortalit, Respouse of Alveolar
Macrophages Fullewing Infection with
Pasteurellc tularensis. Virulent strain
SCHU S4, §; live vaccine strain, LVS, O;
uninfected control, X.

The mortality response of rabbits vaccinated with LVS and subsequently
challenged with strain SCHU S4 is presented in Table 1. The administration
of LVS by acupuncture or by the subcutaneous route failed to engender signifi-
cant protection against a subcutaneous SCHU S4 challenge. Although a slight
increase in the survival time of the vaccinated groups was evident, all
vaceinated animals succumbed to an acute progressive infection not uniike
thet seer in control animals. Table 1 alsc contains the results of immuniz-
ing rabbits by the SCHU S&-streptomycin treatmen: technique. All rabbits E
that had recovered from a previous virulent infection with the aid of strep- ’
tomycin therapy survived the challenge with strain SCHU S4. The immunity
produced by the SCHU S4-streptomycin procedure persisted for at least 120 o
days and was demonstrated in other studies when the animals were challenged
with SCHU S84 contained in a small-particle aerosol.

;
R |
!_




TABLE 1. MORTALITY RESPONSE OF VACCINATED RABBITS
FOLLOWING SUBCUTANEOUS CHALLENGE
. WITH PASTEURELYA TULARENSIS SCHU S4
Vaccinatior. No. Dead/ / Average Day of Death
Procedure No. Challenged® {range)
: 1.0 x 1¢° 1ws 5/5 8.6
i by acupuncture (6-12)
1.0 x 17 ws 5/5 8.2
n subsutanecusly (6-10)
1.0 x 10° wWs 5/5 7.6
subcutansousiy (7-9)
SCHU S4e-gtreptomycin 0/5 -
: 30 days prior to challenge
. i SCHU S4-streptomycin 0/5 -
3 120 éays vrior to challenge
Nonvaceinated 10/10 5.6
5 (4-8)

a. Chellenge dose, 1.0 x 10 organisms.

the infection among SCHU S4-sireptoumycin treated animals with an average
peak titer of 1:1280. Subcutaneous vaccination with 1.0 x 10° IVS ceils
caugsed only & minimal agglutinin response with an average peak titer of
1:7. Vaccination with 1.0 x 10° viable LVS organisms by the subcutaneous
route or by acupuncture produced average peak titers of 1:416 and 1:120
respectively 1 week after vaccination. i

One possible reason for tha failure of LVS to immunize by the routes
employed could be the inability to become disseminated from the original
sites. A technique employed for overcoming this was the intravenous injec-
tion of large nwmbeévs of bactaria; the results are presented in Table 2.
The injection of 1.0 x 10*° to 1.0 x 10*? viable attenuated organisms con-
sistently caused rapid desth of the rabbits. When 1.0 x 10° viable
organisms- of the virulent SCHU S4 strain were injected and streptomycin
tharapy was started 2 hours later, death regulted but was somewhat delayed.
Injection of 1.0 x 1C° viable LVS cells followed by streptomycin therapy
did not resuit in the deatk of any of the test animals. When cells of
the virulent strain were killed by formalin, thoir lethal action was
abolished, even when the dose was increased 10 times the LDyg, of living
organisms. - .

Highest agglutinin ticers were cbserved 2 weeks following initiation of/,.
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TABLE 2., INTRAVENOUS TOXICITY OF PASTEURELIA TULARENSIS

PREPARATIONS FOR TP™ RABBIT .
No, Dead/ Average Time of Death,
Preparation No. Treated hours ’
1.0 x 10*° 516 9
viable 1IVS
1.0 x 10 5/5 10
viable 1VS i
1.0 x 10*? 5/5 12
viable SCHU Sl~-11
1.0 x 10° 5/5 24

visble SCHU S4
with streptomycin therapy

1.0 x i0°P 0/5 -
viable LVS with
streptonycin therapy-

1.0 x 10*° 0/2 -
formalinized
SCHU S4

1.0 x/ 10*? 0/2 -
formalinized
" Sh

{ 1.0-x 10*° 6/7 10
! viable LvS injected
into immune animals

It was {mpossibie to 1mmmize rabbits by the intravenoue injection of
large numbers of attenuated organisms because of the lethal nature of this
procedure. The precise mechanism of this rapid death is unkaoswm, At
necropsy, pathological findings consisted of extensive diffuse hemorrhagic
leaions in the lungs and thymus gland. Microscopically, evidence of extra~
vasated. erythrocytes was alsec observed throughout most of the other tissivs.
Coliectively, thesc chservations suggest that the primary damage was locsl-
ized in the vascular endothelium.
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E. 1IN VITRO INFECTION STUDIES

Experiments were performed in which the bacteria:macroephage ratios were
varied to increase the sensitivity of the assay system for detecting cellu-
lar immunity to P. tularensis. Macrophages were infected at 5 ratios rang-
ing from 100 bacteria per macrophage to 1 bacterium per 100 macrophages,
and the viability of the macrophages was determined daily for 3 days. The
mortality response of the macrophages, with resrect to per cent dead plot-
ted against time, was proportional to the multiplicity of infection.
Macrophage mortality was greater with the virulent organisms, but the
response was still proportional to the bacteria:macrophage ratio. The
relative virulence of LVS and SCHU S4 was readily discernible. The approxi-
mate ratios (bacteria:macrophage) required to kill 507% of the macrophages
at 48 hr was 1l:1 for LVS and only 1:10 for the virulent SCHU S4. When
normal macrophages were infected with either the attenuated or virulent
strain, maximum separation of values in response to the different ratios
occurred 48 hr after infectionm.

When {mmune (SCHU S4-streptomycin) rabbits were used as a source of
macrc phages, the results of in vitro infectione were markedly different.
Forty~eight hours after infection, the initial LVS:macrophage ratio of
10:1 had produced a mortality of 627 of the immune macrophages compared
with 90% in normal macrophages. Immune macrophages were almost completely
resistant to LVS for 72 hr when 1:1 and 1:10 ratios were employed. In
contrast, these ratios produced a mortality of 70 to 90% in normal macro-
phages at that time, Similar results were obtained with the virulent
SCHU S4 organisms, although the degree of suppression was not as marked.

An inhibitory action of alveolar macrophages from immune rabbits on
the intracellular growth of P. tularensis was also demonstrated. The
interaction of normal and immune macrophages with ILVS and strain SCHU S4,
each at two multiplicities, is presented in graphic form in Figures 3 and
4, The figures contain the range of values as well as mean values for both
macrophage mortality and viable bacterial counts. Infected immune suspen-
sions consistently had fewer dead macrophages at 48 hours than did compar-
able populations of normal macrophages. The effectiveness of immune macyo-
phages was also demonstrated by thea differential in viable organisms present
in the {mmine and normal macrophage cultures. Viable counis in the immune
macrophage cultures were always 2 to 4 logs pelow those in normal macro-
phage cultures.

F. ROLE OF IMMUNE SERUM

When serum - medium 199 mixtures were inoculated with SCHU S4, the
organisms multiplied slightly (<1 log) during the 4f,-hour observation
period when either normal or immune serum was emplcyed. In contrast,
similar experiments with LVS showed that the viable count of this strain
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Figure 3. Alveolar Macrophage Mortality 48 Hours after inm vitro
Infection with Two Strains of Pasteurella tularensis
each at Two Bacteria:Macrophage Ratios.
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Figure 4. Viable Numbers ol Two Strains of Pasteurella tularensis
48 Hours after in vitro Infection of Alveolar Macrophages
at Two Bacteria:Macrophage Ratios.
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decreased approximately 1 log during the same period in the presence of
either normal or immune serum., These results indicate that {mmune serum
did not exhibit enhanced bactericidal properties in comparison with normal
serum. On the other hand, 207 serum in tissue culture edium 199 did not

supply the cultural conditions necessary for optimum growth of either
strain,

Experiments were also performed in which normal macrophages were sus-
pended in medium 199 with immune serum and {m—une macrophages were suspended
in medium 199 with normal serum. Results of an experiment with LVS, presented
in Table 3, indicate that normal macrophages in concert with immune serum
may be able to reduce the viable bacterial count. However, the reduction
is less than that ‘observed with immune macrophages suspended in immune serum
and cannot account for the cellular {mmunity observed in this study. Immune
macrophages suspended in normal serum were as active as the fully immune

system, i.e., both macrophages and serum from SCHU S4-streptomycin treated
rabbits.

TABLE 3. THE EFFECT OF DIFFERENT MACROPHAGE-SERUM
COMBINATIONS ON THE GROWTH

OF PASTRURELLA TULARENSIS IVS
Type of Type of Organisms per pl
Macrophage Serum at 48 Hoursd
Normal Normal 1.8 x 10°
Normal Iemune 7.5 x 10*
Immeune Immune 1.8 x 10°
Tmmune Normal 3.8 x 10°

a. 2.0 x 10* orgsnisms per ml initially.
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IV. DISCUSSION

The events that occur during the early stages of infection are diffi-
cult to study in the intact animal because the mass of the infecting organ-
isms is usually relatively small. These events, hovwever, probably determine
whether or not the infecting agent can become establ{ghed and cause overt ,
disease. The availability of alveolar macrophages has provided an oppor- :
tunity to study P. tularsnsis-macrophage relationships in vitro, simulating
at least in part the in vivo conditions during the early postphagocytic
period following aerosol challienge.

The observation that low levels of streptomycin were effective in
inhibiting irntracellular growth of P. tularensis in alveolar macrophages
maintained in tissue cultvre 18 not in agreement with several reports in
the literature and with usual experimental methods. Tularemia is classi-
cally an intracellular infection and in order for the drug to produce its
rapid and profound effect in this disease, some of it must enter the cells
that herbor organisms. Indeed, {t i8 not surprising that streptomycin can
enter metabolically stimulated alveolar macrophages. Normally, they are
carrying out active pinocytosis and phagocytosis, which would silow extra-
cellular components to enter nongpecifically the intracellular milieu.

The findings by Hunt and Myrvik®! that alveolar macrophages can take up
appreciable quantities of preformed antibody illustrate that active uptake

of even large protein molecules is apparently a normal process and strengthen
this viewpoint.

The observation that live tularemia vaccine fafled to immunize rabbits
against challenge with fully virulent P. tularensis is in marked contrast
to the results obtained with other animals. The mouse and guinea pig®? and
the monkey®® as well as man®34'3%® have responded to LVS vaccination with a
high level of {fmmumity. In this regard, it was shown in the present investi-
gation that rabbits were capable of developing immunity to tularemic chal-
lenge, provided that they were infected with virulent organisms and then
cured with streptomyein. Although LVS-vaccinated rabbits were not appreci-
ably more resistunt to challenge than nonvaccinated animals, they did pro-
duce agglutinins. The production of antibody without development of signifi-
cant resistance to challenge is comparable to the course ,f events in other
species following vaccination with killed tularemia vaccines.

During attempts to immunize rabbits with laxrge numbers of P. tularensis
: a marked systemic toxicity was ancountered. Moody and Downs®® referred to
; this phenomenon in a& study of the fmmumogenicity of various strains for the
H white mouse, They found that when mice were injected with living suspen-
sions the majority of animals succumbed within 48 hours. In contrast,
killed preparations failed to elicit the response and the toxicity resem-~
bled a rickettsial toxemia, We also found that killed suspensions failed
to elicit toxic death. The observation that P. tularensis is capable of
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producing lethal toxic reactions in the rabbit initially suggested that
acquired immunity might involve antitoxic mechaniesmz. FEowever, imeumized
rabbits were just as susceptible 28 normal rabbits to the toxic properties
of viable suspensione. Clearly these data rule cut antitoxic immunity as
a dominant factor in acquired ismunity to tularemia.

The data indicated that the mortalitys response of infected normal
alveolar macrophages was proportional to the In vivo virulence of the
strain of P. tularensis employed. Immunz mucrophages exhibited a lower
mortality than normal macropheges when infected with either attenusted
or fully virulent organisms., The validity of employing a decreass in
nmacrophage mortality as a parameter of acquired immmity is supported
by the evidence, which demonstrated an inhibition of bacterial growth by
immune macrophages. Pulmonary alveolar macrophages collected from immune
rabbits were more effective in suppressing the growth of P. tularensis than
were equivalent numbers of normal macrophages. These cbservations estab-
lished that acquired immmity to tularemia can be demonstrated in vitro
employing alveolar macrophages maintained in & tissue culture system.

It was observed that immunity to P. tularensis, demonstrated in vive,
had no demonstrable antitoxic component. Thie same situation exfisted when
mscrophages were infected in vitro. Neither strain exerted an immediate
toxic effect on normal macrophages but this effect followed intracellular
multiplication of the organisms. The expression of immunity by macro-
phages from {mmunized animals was dependent on a suppression of intra-
celiular bacterial growth preventing the intracellular population from
exceeding the toxic thresheld.

The results of supplying normal macrophages with immune serum yielded
the same results in this study as reported by others.*’® Our studies
showed that normal macrophages in concert with immume serum could limit
the growth of LVS. However, the level of immunity was less than that of
immune cells with either immme or normal serum., In contrast, immune
mecrophages suspended in normal serum did not demonstrate a diminution
in activity. These results demonstrate the dominant role played by cell-
agscciated factors in immunity to tularemia.
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